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ABSTRACT 


A  computer  model  developed  by  the  Atmospheric  Environment  Service  of  Canada  con¬ 
cluded  that  the  beach  escarpment  underlying  the  Naval  Research  Laboratory's  micrometeorologi- 
cal  tower  facility  at  San  Nicolas  Island,  California,  induced  wind-speed  amplifications  ranging 
from  1.00  to  1.25  and  wind-direction  perturbations  ranging  from  -5°  to  +5°,  depending  upon 
the  altitude  and  wind  direction,  for  measurements  made  from  the  NRL  tower.  The  altitudes  con¬ 
sidered  ranged  from  5  to  35  m  above  the  beach  for  onshore  winds  ranging  over  a  180°  arc  cen¬ 
tered  about  the  prevailing  northwest  wind  direction.  The  model  calculations  were  based  upon  a 
high-resolution  aerial  survey  of  the  island  beach  escarpment.  The  model  assumes  that  the  tide 
height  is  at  mean  sea  level,  the  horizontal  length  scale  is  50  m,  the  roughness  length  of  both  the 
sea  and  island  is  0.01  m,  and  the  atmosphere  is  neutrally  stable.  The  model  results  are 
presented  in  graphic  form,  to  illustrate  a  typical  example,  and  in  tabular  form  as  a  function  of 
altitude  and  wind  direction,  to  facilitate  the  use  of  the  results  as  a  correction  algorithm  for  future 
air-sea  interaction  experiments  at  the  coastal  facility. 


COMPUTER-MODEL  RESULTS  FOR  THE 
BEACH-ESCARPMENT-INDUCED  DISTORTION 
OF  ONSHORE  WIND  FLOW  AT 
THE  NORTHWEST  POINT  OF 
SAN  NICOLAS  ISLAND,  CALIFORNIA 


INTRODUCTION 

A  frequent  fact  of  life  for  a  marine  atmospheric  experimentalist  is  that  the  selection  of  a  research 
platform  is  usually  determined  by  funding  and  logistical  constraints  rather  than  by  purely  scientific  con¬ 
siderations.  Given  the  choice  of  something  or  nothing,  a  researcher  must  frequently  attempt  to  make 
the  best  of  a  less  than  ideal  measurement  platform.  A  recent  paper  dealing  with  the  particle  aspects  of 
flux  measurements  in  the  marine  atmospheric  surface  layer  (Blanc,  1983)  concluded  that  an  onshore 
tower  was  the  most  practical  platform  from  which  to  make  coastal  measurements.  Given  the  present 
state  of  turbulent  flow  distortion  modeling,  an  understanding  of  the  distortion  produced  by  a  relatively 
simple  beach  is  more  readily  achievable  in  the  forseeable  future  than  a  comprehensive  model  of  the 
more  complex  distortion  produced  by  a  ship  or  large  ocean  tower.  The  paper  further  concluded  that,  no 
matter  what  type  of  platform  is  selected,  a  detailed  flow-distortion  study  will  need  to  be  conducted  to 
determine  the  influence  of  the  platform.  The  question  is  no  longer  simply  whether  or  not  a  platform 
will  distort  the  measurements,  but  rather,  to  what  degree  are  they  distorted? 

This  report  summarizes  the  results  of  a  cooperative  effort  by  the  Atmospheric  Environment  Ser¬ 
vice  (AES)  of  Canada  to  model  the  distortion  produced  at  the  Naval  Research  Laboratory’s  (NRL) 
Coastal  Air-Sea  Interaction  Observatory  (CASIO)  facility  located  on  the  outermost  upwind  edge  of  San 
Nicolas  Island,  California.  Earlier  experiments  (Blanc,  1981)  employed  a  relatively  unsophisticated 
model  of  escarpment  effects  to  fashion  an  algorithm  for  correcting  profile  flux  and  stability  observations 
made  at  the  facility.  The  results  presented  in  tables  at  the  end  of  this  report  are  intended  to  provide  an 
improved  correction  algorithm  for  future  experiments. 

THE  ONSHORE  TOWER  FACILITY 

Because  the  prevailing  weather  in  the  region  of  the  North  American  continent  generally  flows 
from  west  to  east,  it  was  considered  highly  desirable  to  have  a  coastal  marine  experiment  site  west 
(upwind)  of  the  United  States  mainland.  San  Nicolas  Island  is  the  outmost  of  a  coastal  grouping  of 
islands  off  the  coast  of  California  known  as  the  channel  islands.  The  60  km2  island  is  owned  by  the 
U.S.  Navy  and  is  located  approximately  120  km  southwest  of  the  city  of  Los  Angeles  at  33°  15'  North 
latitude,  119°  30’  West  longitude  (see  Fig.  1).  Experienced  observers  on  the  island  indicated  that  the 
weather  in  the  vicinity  of  the  island  tends  to  occur  in  two-  or  three-day  cycles,  during  which  conditions 
remain  relatively  uniform,  and  that  over  a  span  of  two  or  three  weeks  a  diverse  spectrum  of  such  uni¬ 
form  periods  could  be  observed.  Surface  and  radiosonde  weather  observations  have  routinely  been 
made  from  the  island  for  more  then  35  year.  This  would  be  of  considerable  assistance  in  planning 
experiments.  From  a  logistical  perspective,  the  island  has  a  fully  operational  airport  with  a  2.6-km  run¬ 
way,  twice  daily  weekday  air  service  to  and  from  the  mainland,  monthly  barge  service  for  large  equip¬ 
ment,  food  and  housing  facilities  for  scientists,  hardline  electrical  power  to  the  experiment  site,  com¬ 
mercial  telephone  and  data  links  to  the  mainland,  and  motor-vehicle  transportation. 

Manuscript  approved  September  21,  1983. 
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Fig.  1  —  A  map  of  the  southern  California  coast  showing  San  Nicolas  Island  and  the 
prevailing  wind  direction  in  the  vicinity  of  the  island 


The  Naval  Research  Laboratory’s  micrometeorological  tower  facility  is  located  on  the  leading  edge 
of  the  island’s  mqjor  northwest  promontory,  Vizcaino  Point,  which  protrudes  directly  into  the  prevailing 
wind  (see  Figs.  2  and  3).  The  promontory  is  a  narrow  1.5-km-long  low-profile  peninsula  with  a  mean 
net  slope  of  approximately  1:20  (see  Fig.  4).  The  19.1-m  tower  is  located  on  top  of  an  escarpment,  or 
beach  embankment,  approximately  6  m  above  mean  sea  level  and  is  surrounded  by  the  Pacific  Ocean 
on  three  sides  (see  Fig.  S).  When  the  tide  is  at  mean  sea  level  the  tower  is  approximately  76  m  from 
the  water’s  edge.  The  specially  designed  tower  is  equipped  with  6.7-m-long  sensor  arms  to  minimize 
the  distortion  produced  upwind  of  the  tower  by  the  presence  of  the  tower  structure  (see  Figs.  6  and  7). 
A  mobile  field  shelter  is  provided  to  house  instruments  and  personnel  when  measurements  are  being 
made.  Vedder  and  Norris  (1963)  described  the  beach  material  located  between  the  high-  and  low-tide 
lines  as  a  light-gray,  very  thick-bedded,  concretionary,  medium-grained  sandstone,  containing  a  few 
thin  beds  of  intercalated  sandstone  and  siltstone.  They  described  the  overlying  escarpment  material  as 
a  light-tan,  unconsolidated,  lime-cemented  sand. 

COLLABORATION  AND  THE  SITE  SURVEY 

At  the  suggestion  of  the  North  Atlantic  Treaty  Organization  (NATO)  Air-Sea  Interaction  Pro¬ 
gram,  the  second  author  visited  the  Atmospheric  Environment  Service  in  July,  1981.  During  that  visit, 
the  AES  offered  its  assistance  to  NRL  in  attempting  to  characterize  the  San  Nicolas  Island  escarpment. 
Subsequently,  during  February  of  the  following  year,  a  low-altitude,  high  resolution  aerial  survey  of  the 
topography  surrounding  the  NRL  tower  site  at  Point  Vizcaino  was  conducted.  The  results  of  the  stereo- 
photographic  survey  are  presented  in  Fig.  8.  A  1-m  by  1-m  version  of  the  figure  was  read  into  the  AES 
computer  by  a  large  flatbed  graphic  digitizer. 
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Fig.  3  -  A  view  of  the  northwest  end  of  San  Nicolas  Island  looking  to  the  northeast.  The  prevail¬ 
ing  northwesterly  winds  approach  the  island  from  the  left  side  of  the  photograph,  parallel  to  the 
peninsula’s  axis  of  symmetry. 
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Fig.  7  —  A  view  of  a  typical  set  of  sensors  located  on  the  end  of  a  tower  arm.  The  arms  are 
equipped  with  a  hinge  located  midway  out  from  the  tower,  which  enables  the  sensors  to  be 
retrieved  from  the  safety  of  the  main  tower  structure.  The  hinge  is  located  on  the  vertical  arm 
support  shown  in  the  tower  right  foreground. 
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THE  COMPUTER  MODEL 

The  calculations  of  wind-speed  and  wind-direction  changes  induced  by  the  beach  escarpment  at 
NRL’s  micrometeorological  tower  site  were  made  using  the  MS3DJH/1.5  model.  This  is  one  of  a 
series  of  models  developed  by  scientists  in  the  Boundary-Layer  Research  Division  of  the  Atmospheric 
Environment  Service  to  study  near-surface  flow  in  computer-simulated  terrain.  Details  are  given  by 
Walmsley  et  al.  (1982). 

The  models  are  based  on  Mason  and  Sykes’  (1979)  three-dimensional  extension  of  Jackson  and 
Hunt’s  (1975)  approximate  theory  of  flow  over  a  low  hill,  hence  the  acronym  MS3DJH/1.5.  The 
Jackson-Hunt  theory  involves  a  number  of  limitations,  approximations,  and  assumptions  but  has  the 
significant  advantage  that  it  leads  to  analytic  solutions  for  terrain-induced  flow  perturbations.  Numerical 
methods  are  needed  to  perform  required  finite  Fourier  transforms  and  Bessel  function  evaluations,  but 
the  computer  time  necessary  is  at  least  three  orders  of  magnitude  less  than  for  a  finite-difference  solu¬ 
tion  of  the  governing  equations.  The  main  limitations  of  the  theory  and  model  are  that  the  terrain 
must  be  of  low  slope  (up  to  about  1  in  5  is  probably  acceptable)  and  uniform  surface  roughness,  z0. 
Ideally  the  terrain  considered  should  consist  of  an  isolated  feature  in  an  otherwise  flat  plain,  but  this 
restriction  can  be  relaxed  if  a  sufficiently  large  domain  is  used. 

The  model  assumes  that  the  flow  can  be  divided  into  an  outer,  inviscid  flow  region  and  an  inner 
layer  within  which  the  turbulent  shear  stresses  can  be  represented  by  mixing-length  closure.  The  pres¬ 
sure  gradients  determined  from  inviscid,  irrotational  flow  in  the  outer  region  are  used  to  ‘’drive"  flow 
perturbations  in  the  inner  layer.  All  perturbations  are  assumed  linear  in  a  small,  slope-dependent 
parameter,  c,  and  are  also  expressed  as  power  series  in 


*o 


and 

In-  U 

lZ° 

where  L  is  a  horizontal  length  scale  for  the  terrain  and  /  is  the  inner-layer  vertical  scale  (see  Walmsley 
et  al.,  i 982) .  Only  zero-order  terms  in  these  series  appear  in  the  MS3DJH  model.  This  corresponds  to 
the  use  of  uniform  advection  velocities  u0(L)  and  w0(/)  in  the  approximations  to  the  linearized  outer- 
and  inner-layer  perturbation  momentum  equations.  Here,  uq(z)  is  the  assumed  velocity  profile  in  the 
undisturbed,  upstream  flow.  We  will  assume  a  logarithmic  profile, 

u0(z)  *  —  In  — , 

X  z  0 

for  the  present  computations,  where  um  is  the  friction  velocity,  k  is  the  von  Karman  constant,  and  z  is 
the  altitude.  Version  1.5  of  the  model  can  be  regarded  as  an  approximation  to  version  2  as  described  by 
Walmsley  et  al.  It  gives  essentially  the  same  results  with  a  substantial  saving  in  computer  time. 

The  basic  inputs  to  the  model  are  the  wind  direction,  an  estimate  of  surface  roughness  length  and 
a  detailed  contour  map  of  the  area.  In  the  central  part  of  the  domain  used  by  the  model,  the  terrain 
map  is  carefully  digitized,  while  in  the  outer  portions  it  is  smoothed  and  blended  into  a  surrounding  flat 
plain;  see  Salmon  et  al.  (1981)  for  details.  In  the  application  to  the  Vizcaino  Point  Peninsula  on  San 
Nicolas  Island  a  total  domain  size  of  768  m  x  768  m  was  used  with  3-m  grid  spacing.  The  inner  region 
within  which  the  terrain  is  faithfully  represented  is  a  circle  of  radius  194  m,  centered  on  the  tower  site 
(or  more  specifically  at  the  location  for  the  sensors  on  the  fully  extended  horizontal  arms  of  the  tower). 
The  topography  of  the  inner  region  is  shown  in  Fig.  9.  The  original  high-resolution  contour  map 
displayed  elevations  as  low  as  0.5  m  below  mean  sea  level.  The  normal  variation  in  extreme  tide 


Fig.  9  —  A  contour  map  of  the  central  portion  of  the  modeled  terrain.  The  contour  intervals  are  0.5  m.  The  dashed 
line  depicts  the  outline  of  the  peninsula  at  mean  sea  level.  The  cross  at  the  center  of  the  figure  indicates  the  position  of 
the  sensor  location  at  the  end  of  the  NRL  tower  arms.  The  horizontal  domain  shown  is  192  m  by  192  m. 

heights  is  ±1.2  m.  As  a  final  step  in  preparing  the  topographic  input  file,  the  terrain  was  "flooded"  to 
mean  sea  level  to  eliminate  any  negative  elevations  over  the  sea.  It  should  be  noted  that  the  model  (in 
its  present  form)  assumes  a  uniform  surface  roughness  and  cannot  include  changes  due  to  the  rough¬ 
ness  differences  between  land  and  water.  A  roughness  length  of  0.01  m  was  assumed  for  both  the 
water  and  the  land  for  the  San  Nicolas  Island  computations.  The  atmospheric  stability  was  assumed  to 
be  neutral.  The  length  L,  representative  of  the  horizontal  scale  of  the  terrain,  was  set  equal  to  50  m, 
which  gave  an  inner-layer  depth  of  2.83  m.  This,  in  effect,  implies  that  all  the  levels  of  interest  at  the 
tower  site  (5  to  35  m)  lie  in  the  outer  region  of  the  flow  and  that  the  perturbations  predicted  will  be 
fundamentally  the  same  as  those  that  would  be  predicted  by  irrotational  flow  theory.  A  revised  version 
of  the  model,  version  3.1,  is  currently  under  development.  Among  other  changes  this  calculates 
blended  inner  and  outer  layer  solutions  and  should  give  better  representation  of  the  solutions  in  the 
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outer  layer.  Test  computations  for  the  Nicholas  Island  site  with  this  model  suggest  that  the 
MS3DJH/1.5  computations  may  overestimate  the  wind-speed  amplification  (unperturbed  wind  speed 
amplification  =  1.0)  by  as  much  as  30  to  50%  at  the  upper  levels. 

SAMPLE  RESULTS 

While  our  prime  concern  is  with  wind-speed  and  wind-direction  perturbations  at  the  sensor  loca¬ 
tions,  it  is  instructive  to  consider  the  overall  picture  for  a  larger  portion  of  the  experiment  site.  Sample 
results  for  a  wind  direction  of  015°  for  the  terrain  map  shown  in  Fig.  9,  are  given  in  Figs.  10  to  13. 
Figures  10  through  12  show  the  normalized  wind  speeds  at  5,  10,  and  35  m  above  the  terrain.  The 


Fig.  10  —  Wind  speed  amplification  results  for  the  MS3DJH/1.5  model  at  an  altitude  of  5  m,  as  referenced  to  the  ter¬ 
rain  beneath  the  end  of  the  NRL  tower  arms,  for  a  wind  direction  of  15*  (true).  The  wind  speed  amplification  isopleth 
intervals  are  0.05.  Wind  speed  upwind  of  island  —  wind  speed  observed  at  the  island/amplification.  The  horizontal 
domain  shown  is  the  same  as  in  Fig.  9.  The  dashed  line  shows  the  outline  of  the  peninsula  at  mean  sea  level.  The 
cross  at  the  center  of  the  figure  denotes  the  sensor  location  at  the  end  of  the  tower  arms. 
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undisturbed,  upstream  flow  is  a  logarithmic  profile  (neutrally  stable)  with  z0  “  0  01  m.  At  the  5-m 
level  we  can  note  the  general  relation  between  the  terrain  and  the  wind  speeds.  The  magnitude  of  the 
perturbations  falls  quickly  with  height  as  can  be  seen  from  Figs.  11  and  12  with  a  maximum  wind-speed 
amplification  of  only  1.08  at  the  3S-m  level. 

We  can  also  see  a  shift  in  the  location  of  the  wind-speed  maximum  from  the  top  of  the  near¬ 
shore  escarpment  at  the  5-m  level  to  the  higher  ground  to  the  southeast  (where  the  peninsula  joins  the 
rest  of  this  island)  at  the  35-m  level.  Wind-direction  perturbations  at  the  5-m  level  are  shown  in  Fig. 
13.  The  extreme  perturbations  are  about  —6°  and  +8°  and  occur  close  to  the  steepest  parts  of  the  ter¬ 
rain.  There  is  a  general  tendency  for  the  flow  to  deflect  slightly  to  either  side  of  the  promontory.  In 
Fig.  13  a  positive  value  is  an  anticlockwise  deflection  of  the  wind  vector  from  its  undisturbed  direction 
as  observed  from  the  perspective  of  the  wind  (left  to  right  as  observed  from  the  perspective  of  the 
figure). 

SUMMARY  OF  RESULTS 

The  results  of  the  Atmospheric  Environment  Service  calculations  using  the  MS3DJH/1.5  model 
for  sensors  located  at  (or  above)  the  end  of  the  sensor  arms  on  the  Naval  Research  Laboratory’s  tower 
are  presented  in  Tables  1  and  2  as  a  function  of  onshore  wind  direction  and  altitude.  The  model  com¬ 
putations  presented  in  the  first  two  tables  assumed  that  the  tide  height  is  at  mean  sea  level,  the  hor¬ 
izontal  scale  length  ( L )  is  50  m,  the  roughness  (z0)  for  both  the  sea  and  the  island  is  0.01  m,  and  the 
atmosphere  is  neutrally  stable.  The  results  of  the  site  survey  for  the  distances  between  the  tower  and 
the  water’s  edge  are  presented  in  Table  3  as  a  function  of  wind  direction  and  tide  height. 


i 


JS3  *4 
8<  -28 
Zgl  8- 

w  S-O.S 

«s  '§|  » 

!  15! 

o  «  c  ^ 

9  >  3 

*-  O  >  U 

IM 

5  S  c  3 

t! 

Z  w  .s  tt, 
*>  g  -O 

*£  -2  *o  ^ 
?  C  *3 

°  8  ^  * 
h  3  ,c  3 

£5g|S 

o  o  ?  a 

J  .  3  * 

ah 

£  §■§  & 

"XI 

o  °  id  .s 

^  -O  3  » 

S3  C  5  > 

j?ig 


S1S2 

llld 

|352 

i.|: 

to  o  a  * 

lis  | 
*  J!  i 


•g&«  ja  JS 

8  «  o  o 

lit* 

-£-S| 

C  4>  4>  00  — : 
P  1-1  *>  T3  S 

|  8  *  .S  S 

&w  2  > 

IiM 

•  ;lii 


ili,l 


WALMSLEY  AND  BLANC 


— >  «§©csW'«oo©fo»or'-Q«or*©^oorN^  —  <o^»ooNO<o«Np«.or-<,M©*w 

^g3isllsss^s|sslis22=;  =  22222a^28a^ 


k  Vfi  «  O  (N 

s  sssls 


sOooQr^^NOOs— *mv£>a'r-)s0O-5-00PNr-rsr-  V(NQ9'ff'fsCn(N« 
©©©©00©©©0©©©0©0  —  —  —  —  —  —  —  —  —  —  —  ojp^rM 


On^'Ofl0QNXsO»-'»00«'CO?9'«®^'-O00«0PNN5^» 
irt  tONONO.ovo'S'^'O'C’OO-r-r-oeooOff'i'OO  —  n  ^  (n  t  w  h  »  o  m  ♦ 

«M  ©©©©©©©©©©©©©©©©©©*■•  —  —•—•  —  —  —  —  —  —  c3oi«N 

^oo©fN^NOao©cMvo^.©<^,aorNvO©»ooN»o©o©^«o«o^©r-»ON©w* 
—  qppOppOppOqqpppOppp  —  p-  —  —  —  —  S3  —  —  fNjrsj^ 


>ggO«  —  fNr^^-^fo-oogJ^jq 


so  00  On  —  cN<«-oao©CM^r'-o^fr-*  —  ^■ao*,or'-rNi<*^3*ofO*ONoON^»'rNr*-> 

**  ©oooooqpo9  0.qqoqoqqoSqo«----p;--r) 

— 2- - 

w  \or'000-<M^^r^»Qn^oo-^'M-iraw(>'e^(N--rN^»^ 

}£  n<SMnn^r<innnit?^,^l^'^'©^'©rvivoc^o«(Nn’tvnr' 

£  pppppppppppppppppppppppp— ;  —  —  — 

^r'OO^o-fNw^\of*0'fN^r-ov(Ni^oe  —  ^-r'nQu^t^NfK 

^  5-.-.-(NfN«N(Nr^fNN(N(^nnn55^^W)sfl^i^5affv6-rNiM 

55  ppppppppppppppppppppppoppajp  —  —  —  p2 

o  —  —  oifo^r^-*o'Or-oo©CNTrvcoo©rs»or^QioOvr>~r~-^r^-©pN~- 

£  ©  p  ©  ©  0  ©  ©  ©  ©  ©  p  ©  ©  p  ©  p  ©  0  ©  ©  q  p  p  0  p  q  p  ©  op  — 

g  8Sii8Si8SS8SqopopoooooppSSSsSoi 

C*  fc*tCr2®2*ao9P0o$NSt‘#‘Q:rC«£D:i'O^Cr^©'*''^®sr>,*l  —  —  Q 

2*  |g:£g:$:s:g:g:£i:S88888888i5i©©oS33SSsl 

---)NMfNrNnnn5ji£i^r:r'qo»OMnyr'^fN^(>^(>^-ON 

<3  88888888888888888ppppppSppppIpp 

_  t^^^^'©^r-r'r'oeaosrO-(Nn^invooo<7s-^'©».fS5Q2“» 

g  888888888888pppppppppSSSSSS35pS 

s  2?S5SSSS33SSSS°SS5SSSSS5SS®SSSS 

_  p^--(MOO^<Otn^r‘flO©'-»N5^P*OOQN<«*«^OOn»^-©« 

g  opppppppppppppppppplsSlpppSlppS 

— —  - 

S  ppppppppppSsSSSSppppIISppSoSSzC: 
•  -(Nt^'OflP^-fN#voooQn^f^on'0^noo^gc#MOO-t 

B  Is3l5issss8§sl888sss5sssis  =  r;222 

fr‘Cr«<N’t^r*^<-n^oo-n'©afN^O'nao50'©ofsrs^(,'0 
©00©©©©©©©o©©©©0©0©00  —  —  —  —  —  —  —  —  — 


_  in  ♦  ^  on  -  m  «o  r-  ^  —  ^.r^g^r^o^aprsr^fOONNO^-PMroNQoo^fs 

»o  v^«o*ONO*0'C^'C'CNOr^f^r^»QCOp^O'0,'00  —  —  — 

jq  pppppopppppppp  O  popo  —  —  —  —  —  —  —  —  —  —  —  <N 

.  ^  ••©rs^voOQO'O'or-Oror-'O’TfraprN*^  —  ^«90^i^fSw^rNOpi 

S*  8l8iIlS5S£lssIIl22  =  =  2222^25^22ai 

01 52  «■  —  —  —  —  —  —  —  —  —  3  —  —  —  —  —  —  —  —  —  ^  —  —  —  —  — 


#55a55tRRR»RS2S88*8aC;s=S»5?S8SSP3 


E-S  v  J  I  E  " 


rOM(NfN(N(NM(NrN(NM(N(N---l 


k-  io  f  ^  w  -  o«Naor-NO*o^fori  —  o 

m^nnn?i(N»N»N(NrNNfN«N(NN 


—  O  x  vOir^nfN'-O^oer-  so  *0 


m 


»ttW%\%V-V«V*V*\N\v.s\\V-\Vj^*Av\s.v-V-V^'  v>  •/  W~*  *  vr-  ■ 

4  ,  *V*"  -V  -  _  »%  <•-.  >»  _  N,  -  -  ~  •  _  v.  V  -*  . 1  -  .*  .*_  , 


^??^?WfvW7 


*As  measured  from  below  the  end  of  the  fully  extended  sensor  arms  of  the  NRL  tower.  Zero  altitude  is  5.5  m  above  mean  sea  level. 
f Upwind  wind  direction  (degrees,  true).  True  direction  equals  magnetic  direction  plus  15*. 
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Distance  measured  from  the  end  of  the  fully  extended  6.7-m-long  tower  sensor 
Mean  sea  level  (MSL)  equals  mean  lower  level  water  (MLLW)  plus  0.76  m. 
Upwind  wind  direction  (degrees,  true).  True  direction  equals  magnetic  direction 
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